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Scattering on small-q spin fluctuations:

ln( )t
t
ρ∂
∝

∂

( ) ( )1( ) 0 lnt bt tρ ρ− = −

transport time

Ornstein-Zernike



Argument against de Gennes/Friedel:

electrons sensitive to spin coherence
only within mean free path

cuts off singularity when

what happens when ?
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New contribution: scattering from
short-range 2kF spin fluctuations

specific heat exponent

anomaly entirely due to 
anomalous dimensions



1040cT K≈ o



Strong anomaly



Diluted Magnetic Semiconductors



high Tc, weak disorder:

Boltzmann approach

• “ballistic“ electrons scatter
from magnetic fluctuations

• insert scattering rates into
Drude expressions

de Gennes/Friedel; Fisher/Langer etc.

low Tc, strong disorder:

beyond Boltzmann

• fluctuating magnetization m(r)  is
explored by diffusive carriers

• phase coherence up to lengths
of Lφ
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Model for

inhomogeneous resistor network
of blocks of size

magnetic fluctuations enter
resistivity via Kirchoff‘s laws

IMPORTANT: 

1) compute effective resistivity
of network

2) perform average over impurity
and spin configurations
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Cartoon model

Boltzmann

averaging leads to both resistors
being equal to

resistance of “network“

beyond Boltzmann

resistance of “network“

Boltzmann

extra term with
non-zero average



Effective resistivity of inhomogeneous
conductors

Ohm‘s law

inhomogeneous conductor

continuity

Maxwell

analogous calculation for dielectric constant: Landau/Lifshitz



Effective conductivity:

independent of geometry of conductivity variations

dependent on magnitude of conductivity variation only



Effective conductivity due to spin
fluctuations

block-specific random impurity + spin configuration

due to universal conductance fluctuations

involves much-studied correlator of universal 
conductance fluctuations



Two spin subbands

dominant effect of impurity spins on carriers: 
effective Zeeman field from exchange interaction 
proportional to the magnetization

coarse grained
over cube of size

equal, but opposite energy shifts
for spin-up and spin-down carriers

UCF



Deviation from Boltzmann resistivity independent of 
magnetization

critical temperature dependence
contained in this correlator

(E.g. Lee, Stone, Fukuyama)with

stronger, mean-field singularity than Fisher/Langer or de Gennes/Friedel !!

average w/ Landau
functional



Strong spin-orbit scattering

opposite sign compared to two spin subbands
anomaly is increase in resistivity



Relevant to 

• low Curie temperature

• strong disorder

Summary
Scenario:

• magnetic fluctuations lead to
inhomogeneous resistor network
(conductance fluctuations)

• enter resistivity through Kirchoff

• stronger singularity at Tc


